Introduction
Rift Valley fever (RVF) is a zoonotic viral disease of ruminants that is transmitted by mosquitoes of various genera. In animals RVF can be inapparent, or cause peracute or acute disease. The most noted effect is abortions, but it can also cause fever leading to mortalities in young animals, especially lambs. Humans can contract RVF following contact with tissues of infected animals. The symptoms in humans are mostly those of a febrile, influenza-like illness, but in severe cases it can lead to haemorrhagic fever, encephalitis, retinal haemorrhage and even death (Swanepoel & Coetzer 2004) .
RVF typically occurs in South Africa as outbreaks interspersed with long periods of absence. The mechanisms of virus survival during the interepidemic periods are unknown, but may include transovarial transmission in the vectors or low-level transmission between vectors and hosts (Swanepoel & Coetzer 2004) . New outbreaks are triggered by an explosion in vector numbers as a result of the abundance of water due to increased rainfall, flooding or even human activity such as dam building. Areas where RVF has occurred in the past are likely to experience re-occurrences (Gerdes 2004) .
RVF was first diagnosed in the Kenyan Rift Valley in 1931 (Daubney, Hudson & Garnham 1931) and has since also been diagnosed in Zimbabwe, Zambia, Mozambique, Namibia, Madagascar, Tanzania, Somalia, Sudan, Egypt, Senegal, Mauritania and on the Arabian Peninsula, amongst others (Swanepoel & Coetzer 2004) . Occurrences of RVF outbreaks in Kenya have been detailed by Linthicum et al. (1999) and by Murithi et al. (2010) .
Since the first recorded occurrence in South Africa in 1950 (Alexander 1951) , a large number of outbreaks have been listed by Swanepoel and Coetzer (2004) , but several of the smaller outbreaks have never been recorded in the literature. Although information regarding these outbreaks is available in veterinary services disease reports and annual reports, no comprehensive record of RVF outbreaks in South Africa exists. This information is important not only for understanding the epidemiology of the disease but also in guiding management attempts. This paper documents the occurrence of RVF in South Africa on a temporal and spatial basis and attempts to document all the recorded instances of RVF outbreaks in South Africa.
Materials and methods
To fully document the occurrence of RVF in South Africa, a comprehensive search was conducted of both published and unpublished literature. Annual reports of the National Department of Agriculture and the Directorate of Veterinary Services/Animal Health from 1950 to 2000 were searched. Since its first occurrence in South Africa in 1950, RVF has been a notifiable or reportable disease and therefore the disease reports of the veterinary services were considered to be a good source of information on occurrence of the disease. Annual reports of individual veterinary laboratories were not available. However, facilities for laboratory confirmation of RVF were already in place in 1950 and as the laboratory services were part of the veterinary services all occurrences of RVF mentioned in these reports were considered to have been laboratory confirmed, unless otherwise mentioned. If the disease had not been confirmed in a laboratory but was documented in a report, we mentioned it in our results but did not include it in our statistics. Disease reports to the World Organisation for Animal Health (OIE) and the Southern African Regional Commission for the Conservation and Utilisation of the Soil (SARCCUS) were also included in the search. A literature search combining the keywords 'Rift Valley fever' and 'South Africa' was performed on the electronic databases Pubmed (U.S. National Library of Medicine, Bethesda), ScienceDirect (Elsevier, Amsterdam) and CABdirect (CAB International, Wallingford). All articles that indicated a year and location of an outbreak, including reports of RVF in humans, were used.
Disease reports from South African veterinary regions and provincial veterinary services between 1950 and 2011, stored in the archives of the Directorate Animal Health, and the animal disease database of the Directorate Animal Health (1992-2011) were major sources of reports on RVF in South Africa. Disease reports prior to 1994 referred to veterinary regions, which were demarcated according to the main animal production activities in each region. The Veterinary Services of South Africa were also divided into these regions. Figure 1 shows a map and a list of these regions, as well as the pre-1994 provincial boundaries of South Africa. After 1994, veterinary services were provincialised according to the new provincial boundaries (Figure 2 ).
All available information on RVF outbreaks was collated by season (July-June), covering a total of 61 seasons between 1950/1951 and 2010/2011 . An outbreak was defined as the occurrence of laboratory-confirmed RVF in a specified location during a season. In this study, 'epidemic' is used to refer to an occurrence of multiple related outbreaks in the same season. For each outbreak, as much detail as possible was obtained with respect to the location (region, district or, if possible, exact location) and time (season or, if possible, month) of the event. South Africa was divided into 462 blocks spanning a half degree latitude by a half degree longitude and each outbreak was assigned to one or more of these blocks. This was necessary to account for the temporal variation in the spatial resolution of the outbreak reports. However, in some cases the spatial resolution of the veterinary services disease reports was very low and only the veterinary region or district was mentioned. In such cases, all the blocks within that area were recorded as having experienced an outbreak, except where it was known or was concluded following further investigation that an outbreak had never occurred or was extremely unlikely to have occurred in a certain area.
The cumulative number of seasons during which each block had experienced an outbreak was then calculated and plotted on a map of the country. Where the month of occurrence was mentioned, outbreaks were also tabulated by season to show the temporal distribution of outbreaks within each season. A detailed analysis of the association between potential climatic and other risk factors and the occurrence of RVF in South Africa will be reported on separately.
Results
During the 61-year study period one or more RVF outbreaks were reported in 27 seasons. South Africa experienced three major epidemics that affected an extensive area of the country (1950-1951, 1974-1976 and 2010-2011) . The rest of the reports concerned smaller epidemics, individual outbreaks or isolated cases, some of which were not laboratory confirmed. All reported outbreaks are detailed by season and a summary of all the laboratoryconfirmed outbreaks is given in Table 1 . Maps show post-1994 provincial boundaries. However, some references are made to veterinary regions, the names and boundaries of which differ in many cases from those of both previous and present provinces of South Africa (refer to Figures 1 and 2 ).
Since separate laboratory reports could not be found, it was assumed that, unless otherwise stated, all RVF outbreaks reported in the annual reports of the Veterinary Services were laboratory confirmed. Several reports stated that outbreaks were reported but could not be confirmed by the laboratory; very little information was given and these reports are mentioned in the following sections but not included in our statistics.
1950-1951
RVF was recorded in South Africa in this period in the northern Cape Province, western Orange Free State and the southern Transvaal (Figure 3 ). This was the first time RVF had been diagnosed in South Africa and no reports of any similar disease prior to this epidemic could be found. (Alexander 1951) . At first the disease was not recognised, but after a veterinarian performing a post-mortem inspection on a farm south of Johannesburg fell ill, it was recognised as RVF (Mundel & Gear 1951 ) and the virus (lineage O) was isolated (Grobbelaar et al. 2011) . During this epidemic sheep mortalities were estimated at 100 000, together with an estimated 500 000 abortions (Gerdes 2004) . It was recognised that the epidemic was associated with the 'panveld' area of the Orange Free State, characterised by shallow grassland depressions that fill with water seasonally (Alexander 1951) .
1951-1952
A single laboratory-confirmed diagnosis of RVF on 30 January 1952 was reported from the farm Weltevreden in the Wolvenspruit area of the Boshof district (Figure 4 ) (Van der Linde 1953).
1952-1953
During April 1953 outbreaks were confirmed (positive mouse protection test) in the Gannapan and Legpan areas of the Fauresmith (Luckhoff) district, northwest of Luckhoff in the Orange Free State (Figure 4 ). These pans have a geographical reference of 29°40'S, 24°40'E. Farms affected were Eldorado, Legpan, Bossiespan A & B, Wolvenkraal, Nelsdam, Overskot, Koppiesdam, De Rif, Alpha and Wolvenplaat. It was also noted that the outbreaks were associated with the flooding of the nearby pans (Van der Linde 1953) . A team from the South African Institute for Medical Research was sent to investigate. Their report mentioned that several people contracted the disease after handling meat and also suggested that standing water in pans could have contributed to the outbreak (Gear et al. 1955) .
1953-1954
No outbreaks of RVF were found although several suspected outbreaks were investigated (Alexander 1955a) . No further details on the suspected outbreaks could be found.
1954-1955
A large number of samples from suspected RVF outbreaks were tested, but no outbreaks were confirmed (Alexander 1955b) . No further details were given on the suspected outbreaks.
1955-1956
A total of 28 outbreaks were reported from the Orange Free State (Wesselsbron, Odendaalsrus, Soutpan, Dealesville, Boshof, Hoopstad, Ventersburg and Bothaville districts), as shown in Figure 5 (Alexander 1956 ). Virus isolation confirmed that the outbreak was caused by a lineage I RVF virus (Grobbelaar et al. 2011 ).
Post-1994 provincial boundaries shown. 
1956-1957
The annual report for the period 1956-1957 mentions two outbreaks in the western Orange Free State, but does not provide further detail regarding the exact place and time (Division of Veterinary Services 1957).
1957-1969
No outbreaks of RVF were reported (Division of Veterinary Services 1958 Services , 1959 Services , 1960 Services , 1961 Services , 1962 Services , 1963 Services , 1964 Services , 1965 Services , 1966 Services , 1967 Services , 1968 Services , 1969 
1969-1970
Severe livestock losses occurred owing to outbreaks reported from the Standerton, Frankfort, Kroonstad, Koppies, Odendaalsrus, Vryburg and the Lower Umfolozi districts ( Figure 6 ) (Division of Veterinary Services 1970).
1970-1973
No outbreaks were reported for this period (Division of Veterinary Services 1971 Services , 1972 Services , 1973 .
1973-1974
During this period South Africa's largest RVF epidemic began. It had the largest extent, lasted three years and likely affected more animals than any other epidemic, although no reliable estimates are available. A mortality rate of up to 95% was reported amongst young lambs, with widespread abortions and deaths in adult animals (Division of Veterinary Services 1974). The outbreak was caused by a lineage L RVF virus (Grobbelaar et al. 2011) . All areas except the winter rainfall area, the Eastern Transvaal and Transvaal reported widespread occurrence of the disease (Figure 7 ). In Natal the disease occurred only in the Eshowe State Veterinary Area. The Kimberley, Bloemfontein and Fauresmith areas and the Eastern Cape and Karoo veterinary region suffered severe losses owing to the disease. Heavy rains and large tracts of standing water created ideal conditions for the RVF virus vectors. The epidemic continued through the winter (which was warmer than average), spilling over into the next season (Division of Veterinary Services 1974).
1974-1975
The major epidemic of [1973] [1974] (May 1975) . During this epidemic human cases appeared to be more severe, with more complications and deaths than had previously been noted (McIntosh et al. 1980a) . Lineage L RVF virus was isolated from several human cases (Grobbelaar et al. 2011) . Barnard and Botha (1977) published a map indicating reported RVF outbreaks, which is included in Figure 8 .
1975-1976
The epidemic that had begun in 1973 continued, but with fewer losses than during the previous seasons. The Kenhardt district reported a severe outbreak towards the end of the season and a few cases were reported from the Pietermaritzburg district. No cases were reported from the Northern and Eastern Transvaal regions (Division of Veterinary Services 1976a). An unpublished report of the Western Cape Veterinary region (Anonymous 1976) mentions outbreaks in the Brandvlei area.
1976-1977
A few outbreaks were reported from the Mtunzini and Lower Umfolozi districts of Natal and the Queenstown and Middelburg areas of the eastern Cape Province (Figure 9 ) (Division of Veterinary Services 1977a). The monthly disease reports (Division of Veterinary Services 1976b , 1977b 
1977-1978
A few cases were reported from the Free State and the Eastern Cape and Karoo regions (Figure 10) 
1978-1979
The monthly disease reports of the veterinary regions (Division of Veterinary Services 1978b reported outbreaks in the Middelburg and Prieska districts of the Eastern Cape and Karoo region (November 1978) , the Pietermaritzburg and Mtonjaneni districts of the Natal region (December 1978) , the Estcourt district of the Natal region (February 1979) and the Bethlehem district of the Free State region (April 1979) (see Figure 11) .
1979-1980
A single outbreak was reported in the Mtunzini district of the Natal region (Directorate of Animal Health 1980).
1980-1981
Several outbreaks of RVF were reported by private veterinarians from the Highveld region, but none were laboratory confirmed (Directorate of Animal Health 1981).
1981-1982
Three outbreaks were reported from the Hlabisa district in the Natal region, one outbreak was reported from the Eastern Cape and Karoo region, and another from the Bethlehem and Kroonstad areas (Figure 12) 
1982-1983
Small outbreaks of RVF were reported from the Natal region and the Highveld region (Division of Veterinary Services 1983b). A disease report by the Division of Veterinary Services (1984a) reported RVF outbreaks during March, April and June 1983.
1983-1984
Small outbreaks of RVF were reported from the Natal region and the Western Cape region (Figure 13) 
1984-1985
Small outbreaks of RVF were reported from the Utrecht district of Natal and the Kroonstad and Henneman districts Post-1994 provincial boundaries shown. 
1985-1986
In this period, 13 outbreaks of RVF were reported from the Estcourt, Utrecht and Ubombo districts of the Natal region (Director of the Natal region of Veterinary Services 1986b) and seven outbreaks from the Port Elizabeth, Middelburg, Beaufort West, Hofmeyer and Graaff Reinett districts of the Eastern Cape and Karoo region (Figure 15) 
1986-1987
No cases of RVF were reported for this period (Directorate of Veterinary Services 1987). The annual disease report to the OIE for 1987 reported one case in March 1987, but did not give a geographic location (Directorate of Veterinary Services 1989a); the year of last occurrence was given as 1986.
1987-1988
The annual disease report to the OIE for 1987 mentioned one case in October 1987, but did not give a geographic location (Directorate of Veterinary Services 1989b).
1988-1989
Although the climatic conditions were seemingly favourable for the disease and the Veterinary Services had predicted outbreaks, none were reported (Directorate of Animal Health 1989).
1989-1990
The annual report to the OIE (Directorate of Veterinary Services 1989b) indicated one outbreak between January and March 1989, but without any indication of the geographic location of the outbreak.
1990-1991
During February 1991 five outbreaks of RVF were reported from the Estcourt district and two from the Kliprivier district of Natal (Figure 16 ) (Director of the Natal region of Veterinary Services 1991). 
1991-1998
According to the Directorate of Animal Health/Veterinary Services Disease database (Directorate of Animal Health 2012), no outbreaks of RVF were reported.
1999
During January 1999 RVF was diagnosed in captive African buffalo (Syncerus caffer) in a boma (holding pen for wildlife) at Skukuza in the Kruger National Park (Figure 17 
2000-2007
No outbreaks of RVF were reported during this period (Directorate of Animal Health 2012). For easy reference, a summary of all the recorded laboratoryconfirmed RVF outbreaks in South Africa between 1950 and 2011 is given in Table 1 .
Cumulative temporal and spatial distribution of outbreaks
The temporal distribution and indication of the extent of the RVF outbreaks are shown in Figure 22 . Prior to about 1990, bar heights overestimate the number of blocks that experienced outbreaks as some earlier reports mentioned only the veterinary region, in which case all the squares within that region were counted as having experienced an 1950-1951 1952-1953 1954-1955 1956-1957 1958-1959 1960-1961 1962-1963 1964-1965 1966-1967 1968-1969 1970-1971 1972-1973 1974-1975 1976-1977 1978-1979 1980-1981 1982-1983 1984-1985 1986-1987 1988-1989 1990-1991 1992-1993 1994-1995 1996-1997 1998-1999 2000-2001 2002-2003 2004-2005 2006-2007 2008-2009 2010-2011 Number of blocks affected by RVF outbreaks 300 200 100 0 outbreak. However, the three major RVF epidemics (1950-1951, 1973-1976 and 2010-2011) can be identified.
The geographic distribution of all the reported RVF outbreaks since 1950 and the cumulative number of seasons during which at least one outbreak was recorded for each half degree square block are shown in Figure 23 . For the same reason as in Figure 22 the extent of earlier outbreaks, particularly in the central and western regions, is overestimated. In contrast, because outbreaks in the eastern parts of the country generally remained localised, the relative frequency with which they were initiated in that region is under-emphasised in this representation. Nevertheless, the main region in which extensive outbreaks occurred is clearly visible in the central interior of the country.
For outbreaks where the actual month of occurrence was mentioned, Table 2 gives a summary of the months during which RVF outbreaks occurred during each season. Most outbreaks occurred from January onwards, but where outbreaks occurred before January, this often followed outbreaks late during the previous season.
Discussion
The search for documented outbreaks of RVF in South Africa yielded potentially useful results. For the first time the location and season of all the recorded RVF outbreaks in South Africa have been documented. This will facilitate further research into the epidemiology of the disease in South Africa and will promote a better understanding of the disease, leading to improved management, limiting the loss of livestock and human life. The poor spatial and, to a lesser extent, temporal precision in the reporting of earlier outbreaks undoubtedly reduced the accuracy of our calculated cumulative statistics prior to 1990 shown in Figures 22 and 23 . Several other factors may have influenced the reporting rate of RVF, including awareness by farmers, veterinarians and animal health workers, farmer perception and compliance, veterinary coverage of remote areas, and possibly low clinical expression of the disease in small, localised outbreaks. Nevertheless, it is likely that the status of RVF as a reportable or notifiable disease helped to ensure that the passive surveillance system captured most outbreaks of the disease.
Several outbreaks not previously recorded in the literature were documented during this study, for example the outbreaks during the 1978-1979 season and the small The results indicate that the occurrence of RVF has been more frequent and more widespread than is generally believed, likely because the disease was often absent from an area for long periods and new farmers and veterinarians subsequently being unaware that an area had experienced outbreaks in the past. It is therefore imperative that farmers and veterinarians should continuously be made aware of the risk of RVF outbreaks and the need to vaccinate. The occurrence of a large epidemic in 2010 will increase awareness of RVF for several years to come, but the disease will likely largely disappear again and be forgotten in the future. This study can serve as motivation for vaccination programmes during interepidemic periods.
The general pattern that emerged from this analysis is that large epidemics tended to occur in the central parts of the country (Free State, Eastern Cape and Northern Cape), separated by long periods of absence or with small, localised intervening outbreaks. Smaller outbreaks tended to occur in the eastern parts of the country (KwaZulu-Natal and Gauteng). Outbreaks often occurred in these areas during the same season, but several times the outbreaks in the eastern part of the country were apparently not associated with those in the central region, for example in 1991 and 2009 . Grobbelaar et al. (2011 showed that RVF virus isolates from across Africa grouped into 15 lineages, of which eight have been detected in South Africa, and that the viruses responsible for the outbreaks in the eastern parts of the country in 2008 and 2009 (lineage C) were different from those associated with outbreaks in the central regions in 2009 and 2010 (lineage H) . Apart from this, differences in the pattern of outbreaks between the regions could not be identified during this study, but it is possible that different vector species are responsible (Jupp 2004) . In addition, differences in climate, topography, vegetation and host populations are likely to have had a major influence, but fall beyond the scope of this paper and will be assessed in further analyses.
The reservoir or mechanism for maintenance of the RVF virus during interepidemic periods in South Africa has not been established; however, several possibilities exist. The first is that transovarial transmission takes place in certain Aedes spp. mosquitoes, associated with shallow grassland depressions or 'dambos' (Linthicum et al. 1985; Pepin et al. 2010 ). An increase in these mosquitoes triggers an outbreak, which is propagated by other mosquito species (Gerdes 2004) . However, studies have not been able to demonstrate transovarial transmission in South Africa (McIntosh et al. 1980b) . Each of the three major epidemics in the central interior of South Africa was associated with a different RVF virus lineage (Grobbelaar et al. 2011) , indicating that longterm survival of virus in dormant mosquito eggs is unlikely to have been the main mechanism for virus survival between these epidemics. Another possibility is low-level circulation of virus between animals and vectors, without resulting in clinical signs or severe outbreaks (Pepin et al. 2010) . Serological evidence of low-level circulation of RVF virus in African buffalo has been found in the Kruger National Park (R.G. Bengis, pers. comm., 27 October 2010) and antibodies have been found in several wildlife species in Kenya (Evans et al. 2008) . Davies et al. (1992) also showed low-level circulation amongst cattle in Zambia. The possibility of an enzootic transmission cycle involving wildlife or domestic stock therefore requires further investigation. Incursions of vectors from possible endemic areas, either within South Africa or in neighbouring countries, is also a potential mechanism for initiation of outbreaks in South Africa and may be related to meteorological conditions. It is also possible that the movement of infected livestock or other unknown carriers could occur and initiate outbreaks. Closely related viruses have been isolated from geographically distant parts of Africa (Grobbelaar et al. 2011) , suggesting that long-distance dispersal of either vectors or infected animals occurs, and phylogeographic analysis indicates a complex pattern of Our analysis showed that most reported outbreaks occurred during mid to late summer, from January onwards. This coincided with the period of highest rainfall in most areas, which, coupled with warm temperatures, would have resulted in greater vector numbers. Where outbreaks occurred before January, this usually followed outbreaks late during the previous season; in other words, the epidemic 'survived' the winter. This was well documented during the period from 1974 to 1976, when outbreaks occurred throughout the winter of 1975 and continued into the next season when a warm, wet winter was experienced. This presumably resulted in the vectors maintaining the infection through the winter.
From the results (also see Figure 22 ) it is clear that certain areas were more prone to extensive RVF outbreaks. This agrees with a Kenyan study (Murithi et al. 2010) , which showed that districts where outbreaks had occurred in the past were five times more likely to experience a subsequent outbreak. The areas in South Africa that experienced the most extensive outbreaks were in the central interior of the country, particularly the western Free State, north-western part of the Eastern Cape and the central part of the eastern Northern Cape.
The literature consulted for this study did not provide enough detail on the spread of RVF within a season, but the analysis of the 2010 epidemic suggests that the disease spreads from one area to the next once a large epidemic is triggered. A plausible explanation for this could be that enzootic vectors trigger the outbreak, which is then spread by epizootic vectors (Swanepoel 2009). Factors such as animal movement could also play an important role in the spread of the disease during an epidemic.
From the results it also becomes evident that after a large epidemic, such as the ones experienced during 1950-1951 and 1973-1976 , outbreaks continue to occur for several years after the epidemic. This would suggest that South Africa may experience more outbreaks over the next few years in the wake of the 2010 epidemic. In addition, unless vaccination is continued, large epidemics are likely to recur once the proportion of immune animals in the population wanes and favourable environmental conditions occur. It is therefore necessary to raise awareness of this situation and to implement vaccination programmes that should be sustained through the interepidemic periods, particularly in the high-risk areas identified in this study. In addition, more research is required to investigate the mechanisms for RVF viral maintenance during interepidemic periods in southern Africa to elucidate the risk factors for not only the initiation but also the perpetuation of outbreaks. Findings will contribute to refine techniques for predicting future outbreaks.
